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Novel one-piece implants with concave smooth neck have been introduced to promote the formation of a thick mucosal layer and
preserve marginal bone. A retrospective study on 70 patients with 1- to 6-year follow-up was carried out. Cumulative survival rates
were assessed. Variations of marginal bone level were measured on periapical radiographs as distance of the implant-abutment
junction from the bone crest. Influence of different variables on treatment outcome was evaluated. Cumulative success rate after
6 years was 99.4 % at implant level and 98.6 % at patient level. Marginal bone level changed in a significant way over time. After
4 months, an increase of radiographic bone level of 0.173 ± 1.088 mm at implant level and 0.18 ± 1.019 mm at patient level was
recorded. Mean marginal bone loss after 5 years was 0.573 ± 0.966 mm at implant level and 0.783 ± 1.213 mm at patient level. Age,
sex, smoking habits, implant sites, implant lengths and diameters, prosthetic retentions, and timing of loading did not influence
marginal bone remodeling in a statistically significant way. At 4-year follow-up partial restorations lost a mean of 0.96 mm of more
marginal bone compared with single restorations. This difference was statistically significant.
1. Introduction
The maintenance of peri-implant marginal bone level is the
key to long-term functional and esthetic outcome of
implant-supported restorations. Together with the absence of
pain, inflammation, mobility, and radiographic radiolucency
between implant and bone, a marginal bone loss lower than
2 mm is a mandatory criterion of success [1].
Many factors have been advocated to explain marginal
bone resorption around a healthy osseointegrated implant:
the establishment of a biological width, the occlusal trauma,
the gingival biotype, the surgical trauma, the micromove-
ments of the abutment, retrieved cycles of connection and
disconnection of the abutment, the bacterial colonization of
the implant-abutment junction (IAJ), the distance of the IAJ
from the bone crest, and the implantmicro- andmacrogeom-
etry [2–6]. Still, the etiological factors underlying marginal
bone loss have not been fully established [5, 7]. Implant neck
morphology has been widely investigated in order to find
designs that would promote bone ingrowth or limit bone loss
and favour the creation of a steady mucosal seal [8].
Implant neck surface characteristics have also proven
some relevance on the soft and hard tissues architecture [9].
The question whether a polished or a rough surface is more
favourable for bone preservation is still debated [10–12].More
recently, one-piece implants have been introduced with a
novel neck design, in which the transmucosal component has
a narrower diameter than the implant body and a concave
smooth surface meant promoting soft tissue creeping and
the formation of a thick mucosal layer, which develops in a
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Figure 1: Twinkon implant with concave smooth transmucosal
neck.
horizontal plane and, as such, is not created at the expenses
of the underlying marginal bone. With respect to traditional
flared implant necks, this new design providesmore space for
soft tissues ingrowth and organization.
Given the encouraging preclinical data, the aim of the
present retrospective study was to analyse the long-term
marginal bone preservation around 167 implants with a
concave transmucosal design placed in 70 patients with 1 to 6
years of follow-up.
2. Materials and Methods
The investigation design was a retrospective study. Clinical
and radiographic documentation of 70 patients that had been
treated with the placement of a total of 167 commercially
available sand blasted Ti-6Al-4V implants with concave
smooth neck (Twinkon, Global D, Brignais, France) was
collected and analysed. This implant has a one-piece design
with external conical connection, which is protected with
a PEEK plastic ring. The concave transmucosal part is 1.5
mm high and 1.73 mm long (Figure 1).The horizontal inward
mismatch between the implant body and the transmucosal
component is 0.4 mm.The sandblasted surface (sprayed with
corundum micropowder) extends to the apical portion (0.20
mm high) of the transmucosal neck. The coronal portion
of the transmucosal neck is machined (1.3 mm high). The
selection criteria for the cases were the availability of peri-
apical radiographs at baseline and at follow-up/s, clinical
information about sex, age, smoking habits, implant site/s,
insertion torque (< or > 25N/cm), implant/s length/s and
diameter/s, postextractive or delayed placement, single, par-
tial, or full-arch restorations, screw-retained or cemented
prostheses, months of healing before prosthetic load, and
report of complications. Files were excluded if incomplete
or shorter than one year of follow-up and if radiographic
identification of the bone crest level was questionable. All the
patients displayed good general health without systemic or
local contraindications to oral surgery and did not suffer from
active periodontitis at the time of implant placement. Patients
received proper information about the surgical procedures,
risks and alternative solutions, and signed an informed
consent for the analysis and divulgation of their clinical
information for scientific purposes.Theprinciples outlined in
theDeclaration ofHelsinki (64th revision) on clinical research
involving human subjects were adhered to.
2.1. Surgical and Prosthetic Procedures. Following proper
clinical and radiographic evaluation, the patients underwent
professionally delivered oral hygiene and, if required, scaling
and root planning, prior to implant placement. Patients were
given prophylactic antibiotic therapy with 2 g of amoxicillin
plus clavulanic acid (or clindamycin 600 mg, if allergic to
penicillin) 1 h before the intervention and postoperatively
1 g amoxicillin plus clavulanic acid twice a day, for 5 days,
or 300 mg clindamycin twice a day, for 7 days. The surgical
procedure was performed under local anaesthesia. After a
full-thickness crestal incision, a mucoperiosteal flap was
elevated, and implant tunnels were realized with drills of
increasing diameter under generous sterile saline irrigation.
All implants were placed in native bone. Implants were placed
to a depth varying on the clinical situation: as a general
rule, in case of a delayed positioning in a healed ridge,
the implant shoulder was placed at a crestal level, while in
postextractive sockets it was placed 1,5 mm subcrestally, i.e.,
with the coronal end of the concave neck at a crestal level,
according to standard manufacturer’s protocol. Flaps were
carefully sutured with resorbable sutures. X-rays were taken
after implant placement to verify the correct implant position.
Ibuprofen (600mg) was prescribed to be taken as needed.
A cold and soft diet was recommended for 2 weeks and oral
hygiene instructions were given. Patients were instructed to
rinse twice daily with 0.12% chlorhexidine digluconate for the
first 2 weeks. Sutures were removed 7 days after the surgery.
Depending on surgical and prosthetic considerations,
immediate, early, or delayed loading was chosen to rehabili-
tate the patients. Provisional resin restorations were delivered
immediately after implant placement in the case of immediate
loading protocols or few weeks after abutment connection
in the cases of delayed loading protocols. Definitive metal-
ceramic restorations were cemented or screwed 2 to 4months
after provisional delivery.
All the patientswere scheduled in amaintenance program
with clinical and radiographic evaluation and oral hygiene
recalls every 3 to 6 months.
2.2. Measurements. The primary outcome was the marginal
bone level (MBL),measured on periapical radiographs, as lin-
ear distance inmmfrom the implant-abutment junction (IAJ)
of the most coronal radiographic bone-implant contact (rx-
fBIC). This distance was calculated on the mesial and distal
aspect of each implant and given a positive sign if the rx-
fBIC was coronal to the IAJ and a negative sign if it was apical
to the IAJ. The measurements were realized using the Osirix
software (Pixmeo Sarl, Bernex, Switzerland). As radiographs
were not taken with a previously standardized technique,
the biometric evaluations were calibrated on each radiograph
using the height of the concave neck of the implant as known
dimension (1,5mm).Measurements weremade to the nearest
0,1 mm. Variations of MBL from baseline were calculated on
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radiographs taken after 4months and 1, 2, 4, 5, and/or 6 years,
depending on the availability of data, and expressed as means
and standard deviations.
Subgroup analyses were carried out to assess the influence
on the changes in MBL of these variables: sex, age, smoking
habits, implant sites, insertion torque (< or > 25N/cm),
implant length and diameter, postextractive or delayed place-
ment, single, partial, or full-arch restoration, screw- retained
or cemented prosthesis, and months of healing before pros-
thetic load.
The analysis was carried out at patient level and implant
level.
Implant survival and success rate were assessed following
the guidelines for studies on endosseous implants [13–15]:
absence of pain, mobility, suppuration, mucosal redness and
swelling, foreign body sensation, presence of plaque, and
marginal bone loss. If all the parameters were satisfied and
marginal bone loss was lesser than 1,5 mm in the first year of
function and 0,2 mm for the following year, the case outcome
was considered as success otherwise as survival. Rates were
calculated as percentages in each time-frame considered.
2.3. Statistical Analysis. Descriptive statistics were used to
summarize data: frequencies were used for nominal-level
variables; means, standard deviations, and ranges were used
for ordinal and continuous data. A log rank test was run to
investigate differences in the implant and prosthetic survival
distribution with respect to implant location (maxillary or
mandibular arch, anterior or posterior site, and postextractive
or not postextractive site), timing of loading (immediate or
delayed), prosthesis type (single or partial), and implant-
supported restoration type (screwed or cemented).
Marginal bone levels differences over time were inves-
tigated at site level (mesial and distal measurements), at
implant level (mean between mesial and distal measure-
ments), and at patient level (mean among the different
implants of the same subject). At patient level a repeatedmea-
sures ANOVA was used, whereas a repeated measures anal-
ysis including both fixed (time) and random effects (subject)
was performed at site and implant level to account for the
within-subject inner correlation.
Marginal bone levels changes between the different time
points and baseline were calculated. They were compared
with respect to implant location (maxillary or mandibular
arch, anterior or posterior site, and postextractive or not pos-
textractive site), timing of loading (immediate or delayed),
prosthesis type (single or partial), and implant-supported
restoration type (screwed or cemented) through t-tests at
patient level and through nested ANOVAs at site and implant
level (clustered data).
All statistical analyses were conducted using the Statis-
tical Package for Social Sciences Software (SPSS Statistics
Release 21, IBM, NewYork, USA). P < 0.05 was set as the level
for statistical significance.
3. Results
Patient and intervention characteristics are summarized in
Table 1. A total of 70 patients (45 females, 25 males; age
Table 1: Patient and intervention characteristics.
# Patients 70
# Females 45 (64.3%)
Mean age at recruitment (range) 55.64 (22-77)
Smokers 12 (17.1%)
smoking ≤ 10 cigarettes 6 (8.6%)
smoking > 10 cigarettes 6 (8.6%)
# implants 167
# implants received by patient
# patients receiving 1 implant 23 (32.9%)
# patients receiving 2 implants 23 (32.9%)
# patients receiving 3 implants 10 (14.3%)
# patients receiving 4 implants 7 (10.0%)
# patients receiving 5 implants 4 (5.7%)
# patients receiving 6 implants 1 (1.4%)
# patients receiving 7 implants 2 (2.9%)
Arch
# implants placed in Maxilla 17 (24.3%)
# implants placed in Mandible 51 (72.9%)
Both 2 (2.9%)
Site
Anterior 30 (17.8%)
Posterior 139 (82.2%)
# implants placed with ≤ 25 Ncm torque 5 (3.0%)
Mean implant length (mm) 9.74±1.66
Mean implant diameter (mm) 4.25±0.8
Post-extractive implants 33
# patients receiving 1 post-extractive implant 8
# patients receiving 2 post-extractive implants 5
# patients receiving 3 post-extractive implants 1
# patients receiving 4 post-extractive implants 3
Prosthesis
Single 29
Partial 40
Both 1
Implant supported restorations
Screwed 15
Cemented 50
Not reported 5
Months before loading 3.58±2.32
range: 22 to 77 years, mean age at the beginning of the
treatment: 56 years) were treated with 167 implants. The
patients were treated between 2009 and 2012 by the same
experienced surgeon. A small proportion of patients (17.1%)
were smokers; half of the smokers were classified as heavy
smokers (more than 10 cigarettes/day). The majority of the
patients received 1 to 2 implants (65.8%), with a range from
1 to 7 implants per patient. The mandibular arch alone
was the most often treated (72.9 % of the implants), and
implants were placed in the posterior sectors of the upper and
lower jaws in 82.2 % of the cases. Mean implant length and
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Table 2: Implant and prosthetic failures.
4-month 1-year 2-year 4-year 5-year 6-year
follow-up follow-up follow-up follow-up follow-up follow-up
# implant failures n=87 n=9 n=1 n=100 n=59 n=1
0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.0%) 0 (0.0%) 0 (0.0%)
# prosthetic failures n=42 n=6 n=1 n=55 n=31 n=1
0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.82%) 0 (0.0%) 0 (0.0%)
Table 3: Mean peri-implant marginal bone at baseline, at loading, at 4 months, and at 1, 4, and 5 years.
Baseline 4-month follow-up 1-year follow-up 4-year follow-up 5-year follow-up Sig Post
Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD
Implant lekel∗ n=163 n=85 n=8 n=99 n=55
0.026 ± 0.775 0.173 ± 1.088 -0.386 ± 1.421 -0.383 ± 1.150 -0.573 ± 0.966 0.000 ∘ # § 𝜙 ∧
Patient lekel∗∗ n=70 n=38 n=6 n=41 n=27
0.018 ± 0.734 0.182 ± 1.019 -0.295 ± 1.611 -0.184 ± 0.990 -0.783 ± 1.213 0.002 § ∧
Data are presented as mean ± standard deviation. SD: standard deviation; Sig: significance; post: significant post hoc comparisons; ∘baseline vs 1 year; #baseline
vs 4 years; §baseline vs 5 years; ∗4 months vs 4 years; ∧4 months vs 5 years.
Figure 2: Implant placement in healed ridge for a partial restoration
in posterior mandible. The smooth concave neck is left above the
bony crest to allow soft tissues maturation.
diameter were 9.74±1.66 and 4.25±0.8, respectively. A total of
33 postextractive implants were placed in 17 patients. All but
five implants were placed with a torque > 25 Ncm. A total
of 30 single and 41 partial prostheses were delivered, while
no full-arch rehabilitation was realized. Regarding prosthetic
retention, 50 restorations were cemented, while 15 were
screw-retained; in 3 cases the information was not reported.
A mean time of 3.58±2.32 months before prosthetic loading
was calculated. Data from 4-month, 1-year, 2-year, 4-year, 5-
year, and 6-year follow-upwere collectedwhen available. Due
to the limited number of records, 2-year and 6-year follow-up
data were included in the computation of survival and failure
rates but excluded from other statistical analyses (Figure 2).
Implant and prosthetic failures are summarized in Table 2.
Of all the implants placed, one was lost for peri-
implantitis after 4 years (cumulative success rate: 99.4 % at
implant level; 98.6 % at patient level). The failed implant had
been placed in a healed ridge (not postextractive) and had
been loaded after 3 months, supporting a partial prosthesis
of four elements on four implants in the posterior mandible.
No significant influence in treated arch, site (anterior or
posterior), prosthetic rehabilitation (single or partial), timing
of placement, and loading on the occurrence of implant
failure was detected. Similarly variables as age, sex, smoking
habit, implant length, and diameter did not influence these
rates in a statistically significant way. Two minor prosthetic
complications (screw loosening) were also recorded.
Mean peri-implant marginal bone level changes are
shown inTable 3.MBL changed in a significantway over time,
at site level, at implant level, and at patient level (p: 0.00, 0.00,
and 0.002, respectively). After 4 months, a slight increase
of radiographic level was recorded (mean value: 0.18 mm ±
1.019 at patient level) with respect to baseline, even though
it did not reach statistical significance. At site level, mesial
sites showed significant changes after 4 years and 5 years
with respect to baseline and 4-month follow-up; distal sites
showed significant changes after 1 year, 4 years, and 5 years
with respect to baseline and after 4 years and 5 years with
respect to 4-month follow-up. At implant level, significant
changes were recorded after 1 year, 4 years, and 5 years with
respect to baseline and after 4 years and 5 years with respect
to 4-month follow-up. At patient level, significant changes
were recorded at 5 years with respect to baseline and 4-
month follow-up. Mean marginal bone loss after 5 years was
0.573 ± 0.966 mm at implant level and 0.783 ± 1.213 mm at
patient level (Figure 3). The influence of different variables
on marginal bone level changes was assessed (data not
shown). No statistically significant differences in marginal
bone level changes in relation to the arch treated and location
in the arch (anterior or posterior) were detected. Prosthetic
retention, screwed or cemented, had no significant influence
on marginal bone remodeling, while a significant difference
was found between single and partial restorations for changes
after 4 years with respect to baseline at implant level and
patient level (p value: 0.002, 0.003, and 0.003, respectively).
Partial restorations were found to be subject to more
bone resorption than single restorations (mean difference:
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Figure 3: Radiographic 5-year follow-up of a single restoration.
Some bone growth over the shoulder of the implant can be detected.
0,96 mm at patient level) after 4 years. The timing of loading
had no significant influence on marginal bone remodeling,
while the timing of implant placement was found to be
determinant in a significant way only for distal sites after 4
years with respect to baseline: postextractive implants lost a
mean of 1.003 mmmore than not postextractive implants on
the distal side (p= 0.03).
Variables as age, sex, smoking habits, implant length, and
diameter did not influence marginal bone remodeling in a
statistically significant way.
4. Discussion
The aim of this study was to assess the short- and long-
termalterations of the hard tissues aroundone-piece implants
with concave smooth neck. Marginal bone is the part of
the peri-implant tissues at major risk of resorption. It has
been shown that masticatory stresses are concentrated at this
level, and bone loss can occur as a response to mechanical
trauma [13, 16–18]. Furthermore, implant-abutment junction
is located in this area, and it is theweakest part of the implant-
restoration complex, both from a mechanical point of view
and, mostly, from a biological standpoint. Irrespective of
the kind of connection, a microgap between implant and
abutment will always be present [14] and as a consequence
bacterial microleakage will turn out into marginal bone loss
[15, 19, 20]. Finally, even before prosthetic loading, when the
implant is connected to a prosthetic or healing abutment, the
soft tissues will always need a space to create a connective-
epithelial seal around the transmucosal component. This
biological width will be created at the expenses of the bony
tissue if sufficient contact area is not provided [3].
The novel neck configuration analysed in this retrospec-
tive study has several advantages: the one-piece implant has a
transmucosal neck, which brings the IAJ (and its microgap)
in the soft tissues, away from marginal bone. The concave
neck provides an increased space for soft tissues maturation
and the establishment of a biological width.The incremented
contact area provided by the concave design also provides
major volume; it has been shown that, besides being shorter,
the soft tissue seal around the implant is thicker [21]. The
distance of 1,5 mm between the IAJ and the implant shoulder
can be considered as a “safe distance” that prevents potentially
harmful periodontal flora, which is known to extend apically
from the epithelial junction to a maximum of 1,1 mm [22],
from reaching the first bone to implant contact. Besides, the
smooth surface of the neck prevents bacterial accumulation
and the onset and progression of a peri-implantitis [23].
Three histologic studies showed promising results in
terms of crestal bone preservation and soft tissuesmaturation
with this concave transmucosal design. Bolle et al., in a
histometric study on dogs, found evidence of some bone
apposition on the implant shoulder during the healing: the
marginal bone was at the level of the implant shoulder
after 3 weeks and 0,18 mm above it after 18 weeks [21]. On
the other hand, there have been controversial results about
the dimensions of the biological width around this neck
configuration: according to Huh and Bolle, this dimension is
lower in the vertical plane compared to flared neck designs,
while Kim et al. found no differences. In any case, it appears
clear that a concave profile provides wider surface area given
the same vertical dimension [21, 24, 25].
Monje et al. have shown that, together with factors as the
quality of surgery, peri-implant bone thickness, and patient’s
habits, both the thickness of soft tissue and the location and
characteristics of the IAJ are crucial for the preservation of
peri-implant marginal bone [26]. The influence of implant
geometry and surface onmarginal bone remodeling has been
stated in a meta-analysis by Laurell et al., in which a pooled
mean bone loss varying from 0.24mm to 0.75mmwas found,
depending on the implant system [27].
Histologic evidence that implant design and surface
are determinants in marginal bone level preservation has
also been provided [28]. On the other side, Esposito et al.
found no statistically significant difference in marginal bone
preservation among different implant systems, even though
the authors complained about a lack of well-designed RCTs
for a proper meta-analysis [29].
In a retrospective multicenter radiographic evaluation of
596 dental implants, Cochran et al. found mean marginal
bone loss of 2.84 ± 1.63mm after 5 years. The authors also
noted that 86% of the total mean bone loss had already
occurred before prosthetic loading, so it should be ascribed
to the healing pattern around the implants rather than to
biomechanical factors [30].
In our study,mean peri-implant bone loss was of 0.57mm
after 5 years. More interestingly, peri-implant marginal bone
did not resorb but rather overgrew on the implant shoulder
to some extent after 4 months.
With this novel neck configuration, the formation of a
mucosal attachment to the implant does not seem to happen
at the expenses of the bony tissue; in fact, bony overgrowth
seems to be promoted.The inevitable but acceptable bone loss
over the years might still be related to biomechanical and/or
microbiological factors, but the thickening of the soft tissues
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around the concave neck and the distance of the IAJ from the
bone might have acted as protective factors that limited the
extent of such resorption.
Even though the importance of soft tissue thickness for
maintenance of peri-implant health has not been clearly
defined yet [31], a review by Sua´rez-Lo´pez Del Amo et
al. demonstrated that marginal bone loss can be limited
by thicker peri-implant mucosa [32]. Furthermore, implant
dimensions, the arch treated and location (anterior or pos-
terior), the kind of prosthetic span and retention, timing of
placement and loading, and smoking habit did not influence
success rate or marginal bone loss, with the exception of
partial prostheses at 4-year follow-up and postextractive
implants at 4-year follow-up.
This observation is in accordance with previous data
in literature about the lack of influence on the implant
therapy outcome of different implant sizes [33], single and
partial rehabilitation [34], timing of restoration [35, 36],
postextractive or delayed placement [37, 38], and cemented or
screw-retained prosthesis [39]. While there is some evidence
that smoking habits have a negative impact on the therapy
outcomes [40, 41], we could find no difference between smok-
ers and nonsmokers in our study. One possible explanation
could be that a very limited number of patients enrolled in
our study were heavy smokers.
In any case, this lack of interference of factors of different
nature on the outcome of the therapy makes the implant
evaluated in our study a viable solution for a vast range of
different clinical situations.
5. Conclusions
Within the limits of this retrospective study, one-piece
implants with concave smooth neck seem to ensure satisfac-
tory success rates and long-termmarginal bone preservation,
irrespective of the implant dimensions, timing of placement
and loading, and kind of rehabilitation. Further investiga-
tions, possibly in the form of well-designed RCTs, are needed
to confirm the findings of this study.
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